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BIT PACKING FOR DELTA COLOR FIG . 8 is a flow diagram of a method for decoding delta 
COMPRESSION values in a group that has a maximum delta value equal to 

a power - of - two according to some embodiments . 
BACKGROUND FIG . 9 is a flow diagram of a method of determining 

5 whether to bypass features of a compression algorithm 
Description of the Related Art according to some embodiments . 

10 

DETAILED DESCRIPTION Memory bandwidth management is a challenge in pro 
cessing systems such as systems - on - a - chip ( SOCs ) that As described herein , the bandwidth consumed by video / generate high - bandwidth flows on buses that interconnect 
instruction processors on the SOC and over interfaces graphics images ( or other bit streams ) can be reduced by 
between the SOC and external memory such as dynamic implementing delta color compression to represent colors of 

pixels in a block based on a color of a reference pixel and random access memory ( DRAM ) . For example , graphics delta values that represent differences between the colors of processing is used to render a three - dimensional ( 3 - D ) 15 the other pixels and the color of the reference pixel . A model of a scene as pixels displayed on a screen . For compressor subdivides the pixels in each block into groups . purposes of the following , a complete image is referred to as The compressor determines a minimum number of bits , B_i , 
a frame and the number of pixels in a frame is determined that are needed to represent the delta values of the pixels in 
by the pixel resolution of the screen . The color of each pixel group i and the compressor determines a minimum number 
in a frame is represented by a particular number of bits that 20 of bits ( M ) that represents the smallest value of the number 
represent a corresponding number of different colors over a of bits that represents the delta values in the groups of the 
particular color range or gamut . To illustrate , an eight - bit block . The compressor also determines a number of bits ( B ) 
value can be used to represent which of 256 colors a that are required to indicate the difference between the 
particular pixel represents . The number of bits used to minimum number of bits and a maximum number of bits that 
represent a pixel is typically referred to as the color depth or 25 represents the largest value of the number of bits needed to 
the bit depth of the pixel . The total number of bits used to represent the delta values in the groups of the block . The 
represent each frame increases in proportion to the number values of M and B are included in a block header that is 
of bits used to represent each pixel and the number of pixels transmitted from the compressor to a decompressor in 
in the display . Movement in the scene is represented by association with the resulting compressed pixel data . The 
displaying successive frames at a particular frame rate , such 30 values of M and B can be encoded separately for inclusion 
as 30 frames per second ( fps ) . Thus , the rate at which bits are in the block header or a combination of the values of M and 
generated by a graphics processing unit ( GPU ) for trans B can be encoded using an encoding that represents all 
mission over buses or interfaces increases in proportion to possible combinations for M and B. The compressor also 
the frame rate . Successive generations of GPUs have generates group headers that include values of the difference 
attempted to improve the quality of the rendered images by 35 between B_i and M ( B_i - M ) that , in combination with M , 
different methods such as supporting higher pixel resolu indicate the number of bits that represent the delta values in 
tions , greater color depths or color gamuts , and higher frame the corresponding group . The compressor can compress the 
rates . Thus , the volume of traffic communicated between delta values for pixels in each group using the number of bits 
different elements in a system such as the GPU , the display , indicated by the corresponding group header and the decom 
and the external memory is large and continually increasing . 40 pressor can use the information in the block header and the 

group headers to decompress the compressed information . 
BRIEF DESCRIPTION OF THE DRAWINGS Some embodiments of the compressor apply the compres 

sion algorithm to different group configurations and select 
The present disclosure may be better understood , and its the best group configuration that produces the highest level 

numerous features and advantages made apparent to those 45 of compression . The compressor includes information in the 
skilled in the art by referencing the accompanying drawings . block header that indicates the selected group configuration . 
The use of the same reference symbols in different drawings Delta values inside each group can be zero , positive , or 
indicates similar or identical items . negative numbers . As such , one sign bit is required for each 

FIG . 1 is a block diagram of a processing system accord delta value in a group . Some embodiments of the compres 
ing to some embodiments . 50 sor further reduce the number of bits used to represent the 

FIG . 2 is a block diagram of a portion of a processing pixels in the blocks based on characteristics of the delta 
system according to some embodiments . values in the groups . For example , the bit representative of 

FIG . 3 is a flow diagram of a method for performing delta the sign of each delta value can be dropped if all the delta 
color compression and bit packing according to some values in a group are either positive ( including zero ) or 
embodiments . 55 negative ( including zero ) . The compressor can include bits 

FIG . 4 is a block diagram of a block of pixels that may be in the group headers to indicate whether the group is all 
subdivided into groups of pixels in different group configu positive , all negative , or mixed so that the decompressor will 
rations according to some embodiments . know how to decompress the delta values . Some embodi 

FIG . 5 is a block diagram of a compressed bitstream that ments of the compressor use one bit for one configuration 
represents delta values of pixels in a block according to 60 ( e.g. , all - positive ) and two bits for the other two configura 
some embodiments . tions ( e.g. , all - negative and mixed ) as long as the selected 

FIG . 6 is a flow diagram of a method for reducing a 1 - bit code and 2 - bit code start with different bit values so 
number of bits used to represent all - positive delta values or that the decompressor can distinguish between the codes . 
all - negative delta values according to some embodiments . Another possibility is to combine sign bits of all groups 

FIG . 7 is a flow diagram of a method for encoding delta 65 together and assign one code to all sign bits instead of using 
values in a group that has a maximum delta value equal to different one - bit and two - bit codes for different groups . Anet 
a power - of - two according to some embodiments . gain in compression is produced if the number of bits saved 
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by eliminating one bit for each delta value is more than the screen 145 via the bus 135. Information is conveyed 
number of bits added to represent signs of the groups . The between the entities in the processing system 100 as streams 
number of bits used to represent the delta values in a group of bits . As discussed herein , the volume of traffic generated 
can also be reduced if a maximum absolute delta value for by the compute units 111-114 , the DRAM 110 , the data 
a pixel in the group is equal to a power - of - two , as discussed 5 storage unit 115 , the data storage unit 120 , the screen 145 , 
herein . In some variations , a bypass bit is included in each or other entities in the processing system 100 can seve everely 
block header to enable or disable these features . The bypass tax the bandwidth available in the memory interface 130 , the bit can be dropped if all the delta values in a block are zero , bus 135 , or other interconnections in the processing system the pixels in the block have the same color value . 100 , particularly for graphics applications that generate FIG . 1 is a block diagram of a processing system 100 10 bitstreams representative of video or graphic information . according to some embodiments . The processing system 100 Delta color compression and bit packing are used to includes a processing device 105 that is connected to one or 
more external memories such as a dynamic random access compress bitstreams that are representative of video or 
memory ( DRAM ) 110. The processing device 105 includes graphic information , such as the colors of pixels that rep 
a plurality of compute units 111 , 112 , 113 , 114 ( collectively 15 resent images for display on the screen 145. Some embodi 
referred to as the " compute units 111-114 ” ) such as CPUs or ments of the compute units 111-114 ( or other entities in the 
GPUs . For example , the processing device 105 may be a processing system 100 that generate streams of bits ) imple 
system - on - a - chip ( SOC ) such as an accelerated processing ment compressors ( not shown in FIG . 1 ) to perform the delta 
unit ( APU ) or accelerated processing device ( APD ) that is color compression and bit packing . The compressors are 
formed on a substrate . Each of the compute units 111-114 20 implemented as hardware , firmware , software , or a combi 
includes a plurality of processor cores that can concurrently nation thereof that can be executed on the corresponding 
process different instructions . The compute units 111-114 compute units 111-114 . The compressors can be imple 
also include one or more resources that are shared by the mented as stand - alone entities that receive information from 
processor cores , such as caches , arithmetic logic units , the compute units 111-114 or other entities . Some embodi 
floating - point units , branch prediction logic , memory or bus 25 ments of the compressors compute delta values for pixels in 
interfaces , and the like . blocks that make up a frame . For example , each block can 

The processing device 105 includes data storage units include an 8x8 set of pixels , e.g. , 64 pixels , that represent a 
115 , 120 for storing instructions or data that may be used by square portion of the image . Each delta value represents a 
the compute units 111-114 or other entities in the processing difference between a color of a corresponding pixel and a 
device 105. Some embodiments of the data storage units 30 reference color of a reference pixel selected from the plu 
115 , 120 are implemented with DRAM . A memory control rality of pixels . The compressor can subdivide the pixels in 
ler ( MC ) 125 is used to coordinate the flow of data between the block into a groups such as eight 8x1 groups of pixels or 
the processing device 105 and the DRAM 110 over a eight 4x2 groups of pixels . The compressor can then gen 
memory interface 130. The memory controller 125 includes erate a compressed bitstream that represents the delta values 
logic used to control reading information from the DRAM 35 using a smaller number of bits than the uncompressed 
110 and writing information to the DRAM 110. The compute bitstream . For example , as discussed herein , the compressor 
units 111-114 are able to communicate with each other , with can generate a compressed bitstream that includes a block 
the data storage units 115 , 120 , with the memory controller header associated with the block of pixels , group headers 
125 , or with other entities in the processing system 100 associated with the subdivided groups of pixels , and 
using a bus 135. For example , the compute units 111-114 40 encoded delta values . The delta values for each group are 
typically include a physical layer interface or bus interface encoded using different numbers of bits , as indicated by 
for asserting signals onto the bus 135 and receiving signals information included in the block header and the corre 
from the bus 135 that are addressed to the corresponding sponding group header . Decompressors ( not shown in FIG . 
compute unit 111-114 . Some embodiments of the processing 1 ) can decompress the compressed bitstream to recover the 
device 105 also include one or more bridges such as a 45 bits in the uncompressed bitstream , as discussed herein . 
northbridge or a southbridge for facilitating communication FIG . 2 is a block diagram of a portion 200 of a processing 
between entities in the processing device 105 . system according to some embodiments . The portion 200 

The processing device 105 implements an operating sys includes a compressor 205 and a decompressor 210 that are 
tem ( OS ) or one or more applications 140 that generate implemented in hardware , firmware , software , or a combi 
workloads in the processing device 105. Although a single 50 nation thereof . Some embodiments of the compressor 205 
instance of the OS / applications 140 is shown in FIG . 1 , some and the decompressor 210 are implemented at different 
embodiments of the processing device 105 implement mul locations in the processing system 100 shown in FIG . 1. For 
tiple instantiations of the operating system or one or more of example , the compressor 205 can be implemented as part of 
the applications . For example , virtual machines executing on one of the compute units 111-114 ( or configured to receive 
the compute units 111-114 are able to execute separate 55 bits from the compute units 111-114 ) and the decompressor 
instances of the operating system or one or more of the 210 can be implemented as part of the DRAM 110 or the applications . screen 145 ( or configured to provide bits to the DRAM 110 
Some embodiments of the processing device 105 perform or the screen 145 ) . The compressor 205 receives an uncom 

graphics processing to render scenes represented by a 3 - D pressed bitstream 215 , which represents colors of pixels in 
model to generate images for display on a screen 145. For 60 frame in some cases . The compressor 205 compresses the 
example , one or more of the compute units 111-114 can uncompressed bitstream 215 according to some embodi 
access information representative of the 3 - D model stored ments of the delta color compression and bit packing tech 
on the DRAM 110 via the bus 135 and the interface 130. The niques described herein to generate a compressed bitstream 
compute units 111-114 then use the accessed information to 220 that is provided to the decompressor 210. The decom 
render a portion of the scene to generate an image for display 65 pressor 210 decompresses the compressed bitstream 220 to 
on the screen 145. The compute units 111-114 transmit recover an uncompressed bitstream 225 , which includes the 
information representative of the rendered images to the same bits as the uncompressed bitstream 215 or different bits 
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depending upon whether the compression is lossless or lossy negative delta values have been converted to a series of 
and whether errors occurred in transmission of the com positive numbers , the group minimum number of bits are 
pressed bitstream 220 . determined using : 

FIG . 3 is a flow diagram of a method 300 for performing 
delta color compression and bit packing according to some B_i = floor ( log2 M_j ) +1 
embodiments . The method 300 is implemented in some 
embodiments of the compressor 205 shown in FIG . 2. The where M_i is the maximum delta value for a pixel within the 
method 300 is applied to a block of pixels such as an 8x8 group . For example , the delta values in a first group ( i = 1 ) 
block , which preserves memory addressability by using a can have delta values that range from 0 to 6 so that the delta 
block size of 64 bytes . Memory addressability can also be 10 values for the first group can be represented by three bits 
preserved in other cases by choosing other sizes of blocks of ( B_i = 3 ) , the delta values in a second group ( i = 2 ) can have 
pixels so that they are aligned to a particular number of bytes delta values that range from 0 to 13 so that the delta values 
such as 64 bytes . Some embodiments of the method 300 can for the second group can be represented by four bits ( B_i = 4 ) , 
be performed iteratively or multiple instances of the method and the delta values in a third group ( i = 3 ) can have delta 
300 can be performed concurrently or in parallel ( e.g. , on values that range from 0 to 22 so that the delta values for the 
multiple processor cores implemented in the compute units third group can be represented by five bits ( B_i = 5 ) . In this 
111-114 shown in FIG . 1 ) to perform delta color example , the delta values for the remaining groups are also compres 
sion and bit packing on multiple blocks such as the blocks represented by 3-5 bits . 
of pixels that represent an image for display on a screen . 20 At block 320 , the compressor determines a number of bits 
Decompression of bitstreams that are compressed according ( M ) that is equal to a smallest number of bits that is sufficient 
to the method 300 is performed by some embodiments of the to represent the delta values in any one of the groups of the 
decompressor 210 shown in FIG . 2 , as discussed herein . block . The minimum number of bits ( M ) is determined by 
At block 305 , the compressor chooses a reference pixel taking the minimum of the group minimum numbers of bits 

from among the pixels in the block and determines a color 25 that are sufficient to represent each of the groups in the block 
value for the reference pixel . For example , the color value according to : 
for the reference pixel can be represented by values of eight 
bits if an 8 - bit color depth ( or color gamut ) is used to 
represent the colors of the pixels . In some variations , the minB_i 
compressor chooses more than one pixel as a potential 30 
reference pixel and then selects one pixel from the potential 
reference pixels to use as a reference . Information identify Thus , if the delta values for the groups can be represented by ing the potential reference pixels is included in a corre 
sponding block header . The compressor then defines delta 3-5 bits , as in the above example , then the minimum number 
values that represent a difference between the color value of 35 of bits M = 3 for the block . 
the reference pixel and color values of the other pixels in the At block 325 , the compressor determines a number of bits 
block . The delta values for the pixels can be positive or ( B ) that is sufficient to represent a difference between M and 
negative depending on the relative values of the color of the the largest number of bits that is sufficient to represent the 
reference pixel and the color of the pixel . The number of delta values in the block . The largest number of bits is 
pixels that is sufficient to represent the delta values depends 40 determined by taking the maximum of the group minimum 
on the range of possible delta values of the pixels in the numbers of bits that are sufficient to represent each of the block . For example , if the pixels are represented by an 8 - bit groups in the block . The number of bits ( B ) can therefore be 
color depth , the delta values of the pixels are in the range determined according to : 
-255 to +255 . Eight bits are sufficient to represent the 
absolute value of the delta values , which ranges from 0 to 45 
255 , and one additional bit is needed to represent the sign of B = maxB_i , minB_i the delta values . In some embodiments , the sign of the delta 
values is represented by converting negative numbers to 
even numbers and positive numbers to odd numbers . For 
example , a series of delta values { 0 1 , -1 , 2 , -2 , 3 , -3 } can 50 Thus , the number of bits B = 2 for the groups in the block if 
be converted to a series { 0 , 1 , 2 , 3 , 4 , 5 , 6 } that encodes the the delta values for the groups can be represented by 3-5 bits , 
positive and negative delta values as even and odd positive as in the above example . 
values , respectively . For another example , the values 0 to At block 330 , the compressor generates a block header 
2n - 1-1 can be used to represent the positive delta values and that includes bits representative of M and B. Some embodi 
the values 2n - 1 to 2 " -1 can be used to represent the negative 55 ments of the block header include a first number of bits to 
delta values . Other encodings of the positive and negative represent M and a second number of bits to represent B. For 
delta values into all - positive numbers can also be used . example , four bits in the block header can be used to 

At block 310 , the compressor subdivides the block into represent M and four bits in the block header can be used to 
groups of pixels . For example , in some variations the represent B if the pixels are represented by an 8 - bit color 
compressor subdivides the block into eight groups of pixels 60 depth , in which case as many as nine bits could be required 
arranged in 8xl configurations or eight groups of pixels to represent the delta values in the groups . Some embodi 
arranged in 4x2 configurations . In some variations , the ments of the block header alternatively include a number of 
values of the pixels in the pixel groups are converted into bits to represent all possible combinations of the values of M 
all - positive numbers , as discussed herein . and B , which reduces the total number of bits included in the 

At block 315 , the compressor determines a group mini- 65 block header . For example , the following table illustrates 
mum number of bits ( B_i ) that is sufficient to represent the separate encoding of the values of M and B and a combined 
delta values within each group ( i ) . If the positive and encoding of the same values of M and B. 

i 



B 
M = 

0 0 0 
0 1 0000 0001 

0001 0000 

000000 
000001 
000010 1 0 

2 2 0 
1 1 

0 2 
0 3 ??? 

0001 0001 
0010 0000 
0000 0011 
0001 0010 
0010 0001 
0011 0000 

2 

000101 
000110 
000111 
001000 
001001 

1 2 
3 0 

8 6 
7 

2 
1 0111 0001 

1000 0000 

101010 
101011 
101100 8 0 
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if the quantity B ; = 3 for a group , the decompressor deter 
Max ( B_i ) - Separate Combined mines that each encoded delta value is represented by three 

Max ( B_i ) Min ( B_i ) Min ( B_i ) Encoding Encoding bits in the bitstream . 
0000 0000 FIG . 4 is a block diagram of a block 400 of pixels that can 

5 be subdivided into groups of pixels in different group 
configurations according to some embodiments . The block 

0000 0010 000011 400 includes 64 pixels 405 ( only one indicated by a refer 000100 ence numeral in the interest of clarity ) that are arranged in 
an 8x8 grid . However , other embodiments of the block 400 

10 include different numbers of pixels arranged in different 
patterns . The block 400 is subdivided into groups of pixels , 
e.g. , by a compressor such as the compressor 205 shown in 
FIG . 2. In a first group configuration , the block 400 is 
subdivided into eight groups 410 ( only one indicated by a 

0110 0010 15 reference numeral in the interest of clarity ) that are each 
arranged in an 8x1 grid configuration . In a second group 
configuration , the block 400 is subdivided into eight groups 
415 ( only one indicated by a reference numeral in the At block 335 , the compressor generates a group header for interest of clarity ) that are each arranged in a 4x2 grid 

each group i . Some embodiments of the group header 20 configuration . Other group configurations can also be used 
include one or more bits to represent a value of B ; -M for the to subdivide the block 400 into more or fewer groups . 
corresponding group . Fewer bits are sufficient to represent Some embodiments of the compressor determine a num 
the quantity B ; -M , relative to the number of bits that would ber of bits required to encode delta values for the pixels 405 
be sufficient to represent the quantity except in the case when the block 400 is subdivided into different groups 
M = 0 , in which case the same number of bits is used to 25 according to two or more different group configurations . For 
represent the quantity B ; -M , and the quantity Bi . Conse example , in the illustrated case of two different group 
quently , using the quantity B ; -M to represent the number of configurations , the block 400 can be subdivided into the 
bits that are sufficient to represent the delta values in each groups 410 according to the first group configuration and the 
group reduces the overall number of bits that need to be groups 415 according to the second configuration . The 
transmitted from the compressor to the decompressor . For 30 compressor then executes portions of the method 300 shown 
example , if the block uses an 8 - bit color depth for the pixels , in FIG . 3 to estimate the number of bits required to encode 
the quantities M and B are each represented by four bits if the delta values for the pixels 405 according to the different 
M and B are encoded separately . The quantity B ; -M can be group configurations . The compressor then compares the 
represented using B bits so that 8 * B bits are sufficient to different values of the number of bits and selects the group 
represent quantity B , -M for all eight groups . 35 configuration that results in the smallest number of bits in 

At block 340 , the compressor encodes delta values for the compressed bitstream . The selected group configuration 
each group i using B ; bits to represent the delta values . is then be used to compress the bitstream , e.g. , according to 
Returning to the example of block 315 , the delta values in some embodiments of the method 300 shown in FIG . 3 . 
the first group ( i = 1 ) are encoded using three bits ( B_i = 3 ) , the FIG . 5 is a block diagram of a compressed bitstream 500 
delta values in the second group ( i = 2 ) are encoded using four 40 that represents delta values of pixels in a block according to 
bits ( B_i = 4 ) , and the delta values in the third group ( i = 3 ) are some embodiments . The bitstream 500 is generated by some 
encoded using five bits ( B_i = 5 ) . embodiments of the compressor 205 to form the compressed 

At block 345 , the compressor transmits the block header , bitstream 220 shown in FIG . 2 , e.g. , by performing some 
the group headers , and the encoded delta values towards the embodiments of the method 300 shown in FIG . 3. The 
decompressor . For example , compressors associated with 45 bitstream 500 shown in FIG . 5 is generated based on delta 
the compute units 111-114 transmit the block header , the values of pixels that are determined based on color values of 
group headers , and the encoded delta values via the bus 135 the pixels that have an 8 - bit color depth . However , color 
towards the memory controller 125 or the screen 145 shown depths having larger or smaller numbers of bits can also be 
in FIG . 1 . used . 

At block 350 , the decompressor receives a bitstream that 50 The bitstream 500 includes a block header 505 formed of 
includes bits that represent the block header , the group bits that represent a minimum number of bits ( M ) that is 
headers , and the encoded delta values . The decompressor sufficient to represent the delta values for any group in the 
can decompress the bitstream to recover the uncompressed block . The block header 505 also includes bits that represent 
bits that represent the delta values using the information in a number of bits ( B ) that is sufficient to represent a difference 
the block header and the group headers . For example , the 55 between M and the largest number of bits that is sufficient 
decompressor reads the value of B from the block header to represent the delta values in the block . The values M and 
and uses this value to determine the number of bits that B are each represented by four bits so that the block header 
represent the quantity B , -M for all the groups , i.e. the 8 * B 505 includes at least eight bits for 8 - bit pixel depths . 
bits if the block has been subdivided into eight groups . The However , as discussed herein , a small number of bits can be 
decompressor also reads the value of M from the block 60 included in the block header 505 to represent all possible 
header . For each group , the decompressor reads the value of combinations of values M and B instead of representing 
the quantity B ; -M from the corresponding group header and these values separately . Furthermore , as discussed below , 
combines the value B ; -M with the value of M to determine some embodiments of the compression algorithm implement 
the value of the quantity B ; for the corresponding group . The features that change the number of bits in the block header 
decompressor uses the value of the quantity B , to parse the 65 505 . 
bits that represent the encoded delta values so that the The bitstream 500 also includes group headers 510 , 515 
encoded delta values can be decoded correctly . For example , associated with each of the groups of delta values for the 
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block . For example , the group header 510 includes bits that The method 600 illustrated in FIG . 6 uses one or two sign 
represent a value of Bi - M for the group 1 and the group bits in each group header to indicate whether the delta values 
header 515 includes bits that represent a value of B2 - M for in the corresponding group are all - positive , all - negative , or 
the group 2. As discussed herein , B bits are sufficient to mixed . However , in some embodiments , the compressor 
represent values of B ; -M for the groups , so the group 5 uses a smaller number of bits to represent all possible 
headers 510 , 515 include B bits . However , as discussed combinations of the states of the groups in a block . For 
below , some embodiments of the compression algorithm example , the three possible states of the delta values in eight 
implement features that change the number of bits in the groups correspond to 318 = 6561 different combinations , 
group headers 510 , 515 . which can be represented by 13 bits because 2 ̂ 13 = 8192 , 

The bitstream 500 further includes the encoded delta 10 whereas 2 ̂  12 = 4096 . The bits that represent the combina 
values for the groups corresponding to the group headers tions of the states of the groups and the block may be 
510 , 515. For example , the bitstream 500 includes encoded included in the block header . 
delta values 520 for the group 1 that is associated with the FIG . 7 is a flow diagram of a method 700 for encoding 
group header 510. The encoded delta values 520 may be delta values in a group that has a maximum delta value equal 
represented by B , bits per encoded delta value . For example , 15 to a power - of - two according to some embodiments . The 
if the eight encoded delta values 520 for the group 1 are each method 700 is implemented in some embodiments of the 
represented by B ; = 3 bits then the encoded delta values 520 compressor 205 shown in FIG . 2 . 
are represented by 24 bits . However , as discussed below , At block 705 , the compressor reads uncompressed bits 
some embodiments of the compression algorithm implement representative of the delta values . At block 710 , the com 
features that change the number of bits that are sufficient to 20 pressor maps the delta values to all - positive values , as 
represent the encoded delta values 520 . discussed herein . The compressor adds one additional bit to 

FIG . 6 is a flow diagram of a method 600 for reducing a indicate that the sign optimization is being used and one or 
number of bits used to represent all - positive delta values or more additional bits to indicate the sign of the delta value if 
all - negative delta values according to some embodiments . In the delta values are all - negative or if the delta values are a 
different variations of the method 600 , the number O is 25 mix of positive and negative values . For example , the 
considered positive or negative for the purposes of deter compressor can determine values of the additional bits 
mining whether the delta values are all - positive or all according to some embodiments of the method 600 shown 
negative . The method 600 is implemented by some embodi in FIG . 6 . 
ments of the compressor 205 shown in FIG . 2. A At decision block 715 , the compressor determines 
corresponding decompression process is implemented in 30 whether a maximum absolute delta value for a pixel in the 
some embodiments of the decompressor 210 shown in FIG . group is equal to a power - of - two ( e.g. , 2k for k > 0 ) . In that 
2 to decode the compressed bitstream that is generated case , k + 1 bits are required to represent the delta values in the 
according to the method 600 . group because the group has been mapped to all - positive 

At block 605 , the compressor determines whether delta values in block 710. If the maximum absolute delta value for 
values in a group have all positive values , all negative 35 pixel in the group is not equal to a power of two , the 
values , or a mixture of positive values and negative values . compressor compresses the uncompressed bits at block 720 , 
The compressor can then add bits to the corresponding e.g. , according to some embodiments of the method 300 
group header to indicate all - positive , all - negative , or mixed shown in FIG . 3. If the maximum absolute delta value for a 
positive and negative values . Two bits are sufficient to pixel in the group is equal to a power of two , the compressor 
represent the three possible states of the delta values in the 40 encodes each delta value using k bits ( instead of using k + 1 
group . bits ) at block 725 . 
At decision block 610 , the compressor determines By encoding the delta values using k bits , delta values that 

whether the delta values in the group have all - positive are equal to 2 " or 2-1 would be represented by the same 
values . If so , the compressor drops the sign bits from the k - bit number . To resolve the degeneracy , at decision block 
delta values in the group at block 615. At block 620 , the 45 730 , the compressor determines if the delta value is equal to 
compressor sets a first sign bit in the corresponding group 2 % or 2k - 1 . If so , the compressor adds ( at block 735 ) a 
header to 1 to indicate that the delta values in the group have trailing bit and sets the value of the trailing bit to indicate 
all - positive values . In the illustrated embodiment , the value whether the corresponding delta value is equal to 2k - 1 or 2k . 
of a second sign bit in the corresponding group header is set If the delta value is not equal to 2 % or 2k - 1 , the compressor 
to either 0 or 1 , or the second sign bit can be left out of the 50 bypasses ( at block 740 ) adding the trailing bit . 
corresponding group header to further reduce the bit count . The example compression algorithm illustrated in FIG . 7 
If the delta values in the group do not have all - positive uses a trailing bit to distinguish between two degenerate 
values , the method flows to decision block 625 . encoded values of the delta values . However , in some 

At decision block 625 , the compressor determines variations , a smaller number of bits can be used to perform 
whether the delta values in the group have all negative 55 the basic encoding ( e.g. , less than k bits can be used to 
values . If so , the compressor drops the sign bits from the encode delta values ranging up to a maximum absolute delta 
delta values in the group at block 630. At block 635 , the value of 2k for k > 0 . Additional trailing bits are then used to 
compressor sets the first and second sign bits in the corre resolve the resulting degeneracies . For example , if the delta 
sponding group header to 0 to indicate that the delta values values in a block are 0 , 1 , 2 , 3 , 4 , and 5 , the maximum 
in the group have all negative values . If the delta values in 60 absolute delta value is 5 which is 2 ̂  2 + 1 or k = 2 . Three bits 
the group do not have all negative values , the method flows are therefore needed to represent each delta value because 
to decision block 640 . the maximum absolute delta value is greater than 2 ̂  2 = 4 . A 

At block 640 , the compressor sets the first sign bit in the total of 6 * 3 = 18 bits is therefore needed to represent all delta 
corresponding group header to 0 and the second sign bit in values . However , if the maximum absolute delta value 
the corresponding group header to 1 to indicate that the delta 65 evaluated in block 715 is equal to 2 ̂ n + 1 , then the delta 
values in the group have a mixture of positive and negative values equal to 2 ̂ n - 1 , 2- , and 2 ̂  n + 1 are all encoded as the 
values . degenerate value of 2ºn – 1 . Additional trailing bits are added 
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to the delta values to distinguish between the degenerate some embodiments of the method 300 shown in FIG . 3. The 
values of 2 ̂ n - 1 , 2 ̂  n , and 2 n + 1 . For example , a trailing bit compressor can also determine a second number of bits that 
of “ 1 ” is added to 2 ̂  n - 1 , two trailing bits of “ 01 ” are added are sufficient to encode the delta values when additional 
to 2ºn , and two trailing bits “ 00 ” are added to 2ºn + 1 . The optimization features are implemented , such as features 
input data stream 0 , 1 , 2 , 3 , 4 , and 5 is then compressed to 5 implemented according to some embodiments of the method 
a series of binary values : 00 , 01 , 10 , 111 , 1101 , and 1111 and 600 shown in FIG . 6 , the method 700 shown in FIG . 7 , or 1100. The total number of bits in the compressed binary the method 800 shown in FIG . 8. The number of saved bits 
stream is 2 + 2 + 2 + 3 + 4 + 4 = 17 , which is a savings of one bit in is equal to the difference between the first number and the this example . second number . Some embodiments of the compressor add a bit to the 10 
block header to indicate whether the power - of - two optimi At block 910 , the compressor determines a number of bits 

that are added to the block header or the group headers to zation is being used for the corresponding block . For 
example , this bit can be set ( or reset ) to indicate that the support compression of the encoded delta values according 
power - of - two optimization is not being used if the compres to the one or more optimizations . For example , the com 
sor determines that the number of bits is not reduced . 15 pressor can determine a first number of bits that are needed 
Although adding an additional bit reduces the compression to represent the values in the block header and the group 
rate for the algorithm , in some variations the decompressor headers to support encoding the delta values according to 
needs fewer processing cycles to decompress the bitstream some embodiments of the method 300 shown in FIG . 3. The 
if the additional bit is present to indicate whether the compressor can also determine a second number of bits that 
power - of - two optimization is being used , which can reduce 20 are needed to represent the values in the block header and 
the number of clock cycles required by the decompressor . the group headers to support encoding the delta values when 

FIG . 8 is a flow diagram of a method 800 for decoding additional optimization features are implemented , such as 
delta values in a group that has a maximum delta value equal features implemented according to some embodiments of 
to a power - of - two according to some embodiments . The the method 600 shown in FIG . 6 , the method 700 shown in 
method 800 is implemented in some embodiments of the 25 FIG . 7 , or the method 800 shown in FIG . 8. The number of 
decompressor 210 shown in FIG . 2. The decompressor uses added bits is equal to the difference between the first number 
the method 800 to decompress bitstreams that are com and the second number . 
pressed according to a corresponding compression algo At decision block 915 , the compressor determines 
rithm , such as the compression algorithm illustrated in the whether the number of saved bits is greater than the number 
method 700 of FIG . 7 . 30 of added bits . If so , the compressor sets ( at block 920 ) a 
At block 805 , the decompressor reads bits that are rep bypass bit in the block header to FALSE ( or some other 

resentative of a delta value for a pixel in a group of a block . value ) to indicate that the compressor is using the additional 
The decompressor has previously determined the value of features to compress the encoded delta values . If the number 
the quantity B ; using information included in the block of saved bits is less than the number of added bits , the 
header and the corresponding group header . Delta values in 35 method 900 flows to decision block 925 . 
the group are encoded using B ; bits . At decision block 925 , the compressor determines 

At decision block 810 , the decompressor determines whether all of the delta values for the pixels in the block are 
whether the bit value indicated by the bits representative of equal to zero . If not , the compressor sets ( at block 930 ) the 
the delta value is equal to a maximum encoded bit value of bypass bit in the block header to TRUE ( or some other 
2 ° ( B ; ) - 1 . If not , the decompressor sets the delta value equal 40 value ) to indicate that the compressor is bypassing the use of 
to the bit value at block 715. If the decompressor determines the additional features to compress the encoded delta values . 
that the bit value indicated by the bits representative of the If all the delta values for the pixels in a block are equal to 
delta value is equal to 2 * ( B ) -1 , the method 800 flows to zero , the bypass bit may be dropped from the block header 
decision block 820 . at block 935 to further reduce the bit count . 

At decision block 820 , the decompressor reads in a 45 In some embodiments , the apparatus and techniques 
trailing bit and determines whether the trailing bit is equal to described above are implemented in a system comprising 
0 or 1. If the trailing bit is equal to 0 , the decompressor one or more integrated circuit ( IC ) devices ( also referred to 
determines that the delta value is equal to 2 ( B ; ) - 1 at block as integrated circuit packages or microchips ) , such as the 
725. If the trailing bit is equal to 1 , the decompressor processing system described above with reference to FIGS . 
determines that the delta value is equal to 2 * ( B ; ) at block 50 1-8 . Electronic design automation ( EDA ) and computer 
830. The association of the trailing bits to the delta values is aided design ( CAD ) software tools may be used in the 
arbitrary and the opposite convention may also be used in design and fabrication of these IC devices . These design 
some embodiments . tools typically are represented as one or more software 

FIG . 9 is a flow diagram of a method 900 of determining programs . The one or more software programs comprise 
whether to bypass features of a compression algorithm 55 code executable by a computer system to manipulate the 
according to some embodiments . The method 900 is imple computer system to operate on code representative of cir 
mented in some embodiments of the compressor 205 shown cuitry of one or more IC devices so as to perform at least a 
in FIG . 2. A corresponding decompression process is imple portion of a process to design or adapt a manufacturing 
mented in some embodiments of the decompressor 210 system to fabricate the circuitry . This code can include 
shown in FIG . 2 to decode the compressed bitstream that is 60 instructions , data , or a combination of instructions and data . 
generated according to the method 900 . The software instructions representing a design tool or 
At block 905 , the compressor determines a number of bits fabrication tool typically are stored in a computer readable 

that are saved by encoding delta values for the pixels in a storage medium accessible to the computing system . Like 
block according to one or more optimizations of the com wise , the code representative of one or more phases of the 
pression algorithm implemented by the compressor . For 65 design or fabrication of an IC device may be stored in and 
example , the compressor can determine a first number of bits accessed from the same computer readable storage medium 
that are sufficient to encode the delta values according to or a different computer readable storage medium . 
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A computer readable storage medium may include any above may be altered or modified and all such variations are 
non - transitory storage medium , or combination of non considered within the scope of the disclosed subject matter . 
transitory storage media , accessible by a computer system Accordingly , the protection sought herein is as set forth in 
during use to provide instructions and / or data to the com the claims below . 
puter system . Such storage media can include , but is not 5 
limited to , optical media ( e.g. , compact disc ( CD ) , digital What is claimed is : versatile disc ( DVD ) , Blu - Ray disc ) , magnetic media ( e.g. , 1. A method comprising : floppy disc , magnetic tape , or magnetic hard drive ) , volatile 
memory ( e.g. , random access memory ( RAM ) or cache ) , determining delta values for a plurality of pixels in a 
non - volatile memory ( e.g. , read - only memory ( ROM ) ) or 10 block , wherein each delta value represents a difference 
Flash memory ) , between a color of one of the plurality of pixels and a microelectromechanical systems 
( MEMS ) -based storage media . The computer readable stor reference color of a reference pixel selected from the 
age medium may be embedded in the computing system plurality of pixels ; 
( e.g. , system RAM or ROM ) , fixedly attached to the com subdividing the plurality of pixels into a plurality of 
puting system ( e.g. , a magnetic hard drive ) , removably 15 groups , wherein different minimum numbers of bits are 
attached to the computing system ( e.g. , an optical disc or used to represent the delta values in the plurality of 
Universal Serial Bus ( USB ) -based Flash memory ) , or groups ; 
coupled to the computer system via a wired or wireless generating a compressed bitstream representative of the 
network ( e.g. , network accessible storage ( NAS ) ) . delta values , wherein the compressed bitstream 

In some embodiments , certain aspects of the techniques 20 includes : 
described above may implemented by one or more proces bits representative of a block header that indicates a range 
sors of a processing system executing software . The soft of the minimum numbers of bits that are used to 
ware comprises one or more sets of executable instructions represent the delta values in the plurality of groups ; 
stored or otherwise tangibly embodied on a non - transitory a plurality of group headers , each group header indicating 
computer readable storage medium . The software can 25 a group minimum number of bits that is used to 
include the instructions and certain data that , when executed represent the delta values in a corresponding one of the 
by the one or more processors , manipulate the one or more plurality of groups ; and 
processors to perform one or more aspects of the techniques the delta values encoded using the group minimum num 
described above . The non - transitory computer readable stor ber of bits for the group that includes the delta values ; 
age medium can include , for example , a magnetic or optical 30 and 
disk storage device , solid state storage devices such as Flash transmitting the compressed bitstream . 
memory , a cache , random access memory ( RAM ) or other 2. The method of claim 1 , wherein determining the delta 
non - volatile memory device or devices , and the like . The values for the plurality of pixels in the block comprises 
executable instructions stored on the non - transitory com determining each of the delta values using a predetermined 
puter readable storage medium may be in source code , 35 number of bits to represent a color difference and a sign of 
assembly language code , object code , or other instruction the delta value , and wherein a total number of bits in the 
format that is interpreted or otherwise executable by one or compressed bitstream is less than a sum , over the plurality 
more processors . of pixels , of the predetermined number of bits used to 

Note that not all of the activities or elements described represent the delta values for the plurality of pixels . 
above in the general description are required , that a portion 40 3. The method of claim 1 , wherein the block header 
of a specific activity or device may not be required , and that includes bits that indicate a minimum number of bits ( M ) to 
one or more further activities may be performed , or elements represent the delta values in any one of the groups and a first 
included , in addition to those described . Still further , the number of bits ( B ) that are used to represent a difference 
order in which activities are listed are not necessarily the between Mand a second number of bits to represent a largest 
order in which they are performed . Also , the concepts have 45 value of the number of bits that are used to represent the 
been described with reference to specific embodiments . delta values , and wherein the plurality of group headers each 
However , one of ordinary skill in the art appreciates that include bits that indicate a difference between M and a group 
various modifications and changes can be made without minimum number of bits that represent the delta values in a 
departing from the scope of the present disclosure as set corresponding one of the plurality of groups . 
forth in the claims below . Accordingly , the specification and 50 4. The method of claim 3 , wherein the bits representative 
figures are to be regarded in an illustrative rather than a of the block header include a third number of bits used to 
restrictive sense , and all such modifications are intended to represent all possible combinations of M and B , and further 
be included within the scope of the present disclosure . comprising : encoding a combination of values of M and B 

Benefits , other advantages , and solutions to problems to form an encoded value represented by the third number of 
have been described above with regard to specific embodi- 55 bits , and wherein the block header comprises the encoded 
ments . However , the benefits , advantages , solutions to prob value . 
lems , and any feature ( s ) that may cause any benefit , advan 5. The method of claim 1 , wherein subdividing the 
tage , or solution to occur or become more pronounced are plurality of pixels in the block into the plurality of groups 
not to be construed as a critical , required , or essential feature comprises : 
of any or all the claims . Moreover , the particular embodi- 60 subdividing the plurality of pixels into the plurality of 
ments disclosed above are illustrative only , as the disclosed groups according to different group configurations ; 
subject matter may be modified and practiced in different but comparing a total number of bits in the compressed 
equivalent manners apparent to those skilled in the art bitstreams that are generated using the different group 
having the benefit of the teachings herein . No limitations are configurations ; and 
intended to the details of construction or design herein 65 selecting one of the different group configurations for 
shown , other than as described in the claims below . It is subdividing the plurality of groups based on the com 
therefore evident that the particular embodiments disclosed parison . 
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6. The method of claim 1 , further comprising : that are used to represent the delta values in any one of the 
determining whether the delta values in each of the groups groups and a first number of bits ( B ) that is are used to 

are all - positive , all - negative , or mixed positive and represent a difference between M and a second number of 
negative values ; bits that are used to represent a largest value of the number 

in response to determining the delta values within a group 5 of bits that are used to represent the delta values , and 
are all - positive or all - negative , omitting bits indicating wherein the plurality of group headers each include bits that 
signs of the delta values from the group header for that indicate a difference between M and a group minimum 

number of bits that are used to represent the delta values in 
in response to determining the delta values within a group a corresponding one of the plurality of groups . 

are mixed positive and negative values , including , in 10 12. The method of claim 11 , wherein the bits representa 
the group header for that group , bits to indicate the tive of the block header include a third number of bits used 
delta values within the group are mixed positive and to represent all possible combinations of M and B , and 
negative values . further comprising : 

7. The method of claim 6 , further comprising : decoding an encoded value of a combination of values of 
including a bypass bit in the block header to indicate 15 M and B that is represented by the third number of bits , 
whether the group headers include bits indicating and wherein the block header comprises the encoded 
whether the delta values in the corresponding group are value . 
all - positive , all - negative , or mixed positive and nega 13. The method of claim 9 , further comprising : 
tive values ; and determining whether the delta values in each of the groups 

bypassing inclusion of the bypass bit in the block header 20 are all - positive , all - negative , or mixed positive and 
in response to determining that all the delta values negative values based on bits included in the corre 
associated with the plurality of pixels in the block are sponding group headers ; 
equal to zero . in response to determining the delta values within a group 

8. The method of claim 6 , further comprising : are all - positive or all - negative , omitting bits indicating 
in response to determining that a maximum absolute delta 25 signs of the delta values from the group header for that 
value for pixels in a group is equal to a power - of - two , 
encoding the delta values in the group using one bit less in response to determining the delta values within a group 
than the group minimum number of bits so that delta are mixed positive and negative values , including , in 
values having the maximum absolute value or one less the group header for that group , bits to indicate the 
than the maximum absolute value are represented by a 30 delta values within the group are mixed positive and 
maximum encoded bit value ; and negative values . 

adding a trailing bit to the maximum encoded bit value to 14. The method of claim 13 , further comprising : 
indicate whether the maximum encoded bit value indi detecting a bypass bit in the block header when at least a 
cates the maximum absolute value or one less than the portion of the delta values associated with the plurality 
maximum absolute value . of pixels in the block are not equal to zero , wherein the 

9. A method comprising : bypass bit indicates whether the group headers include 
receiving a compressed bitstream representative of delta bits indicating whether the delta values in the corre 

values of a plurality of pixels in a block , wherein the sponding group are all - positive , all - negative , or mixed 
pixels are subdivided into a plurality of groups , positive and negative values ; and 
wherein different minimum numbers of bits are used to 40 decoding the group headers based on a value of the bypass 
represent the delta values in the plurality of groups , bit . 
wherein the compressed bitstream includes bits repre 15. The method of claim 13 , further comprising : 
sentative of a block header that indicates a range of the determining that a maximum absolute value of the delta 
minimum numbers of bits that are used to represent the values for pixels in a group is equal to a power - of - two ; 
delta values in the plurality of groups , a plurality of 45 decoding delta values in the group using one bit less than 
group headers that each indicate a group minimum the group minimum number of bits ; and 
number of bits that is used to represent the delta values decoding delta values represented by a maximum encoded 
in a corresponding one of the plurality of groups , and bit value based on the maximum encoded bit value and 
wherein the delta values have been encoded using the a trailing bit that indicates whether the maximum 
group minimum number of bits for the group that 50 encoded bit value indicates the maximum absolute 
includes the delta values ; and value or one less than the maximum absolute value . 

decompressing the compressed bitstream based on the 16. An apparatus comprising : 
block header , the plurality of group headers , and the a compute unit configured to generate a bitstream repre 
encoded delta values to recover the delta values that sentative of a plurality of pixels in a block ; and 
each represent a difference between a color of one of 55 a compressor configured to : 
the plurality of pixels and a reference color of a determine delta values for the plurality of pixels , 
reference pixel selected from the plurality of pixels . wherein each delta value represents a difference between 

10. The method of claim 9 , wherein decompressing the a color of one of the plurality of pixels and a reference 
compressed bitstream comprises recovering the delta values color of a reference pixel selected from the plurality of 
that are represented by a predetermined number of bits that 60 pixels ; 
indicate a color difference and a sign of the delta value , and subdivide the plurality of pixels in the block into a 
wherein a total number of bits in the compressed bitstream plurality of groups , wherein different minimum num 
is less than a sum , over the plurality of pixels , of the bers of bits are used to represent the delta values in the 
predetermined number of bits used to represent the delta plurality of groups ; 
values for the plurality of pixels . generate a compressed bitstream representative of the 

11. The method of claim 9 , wherein the block header delta values , wherein the compressed bitstream 
includes bits that indicate a minimum number of bits ( M ) includes : 
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bits representative of a block header that indicates a range a group minimum number of bits that are used to 
of the minimum numbers of bits that are used to represent the delta values in a corresponding one of the 
represent the delta values in the plurality of groups , plurality of groups , and wherein the delta values have 

a plurality of group headers that each indicate a group been encoded using the group minimum number of bits 
minimum number of bits that is used to represent the 5 for the group that includes the delta values ; and 
delta values in a corresponding one of the plurality of decompress the compressed bitstream based on the block 

header , the plurality of group headers , and the encoded wherein the delta values have been encoded using the delta values to recover the delta values that each group minimum number of bits for the group that represent a difference between a color of one of the includes the delta values ; and plurality of pixels and a reference color of a reference transmit the compressed bitstream . pixel selected from the plurality of pixels . 17. The apparatus of claim 16 , wherein the block header 
includes bits that indicate a minimum number of bits ( M ) 22. The apparatus of claim 21 , wherein the block header 
that are used to represent the delta values in any one of the includes bits that indicate a minimum number of bits ( M ) 
groups and a first number of bits ( B ) that are used to 15 that are used to represent the delta values in any one of the 
represent a difference between M and a second number of groups and a first number of bits ( B ) that are used to 
bits that are used to represent a largest value of the number represent a difference between M and a second number of 
of bits that are used to represent the delta values , and bits that are used to represent a largest value of the number 
wherein the plurality of group headers each include bits that of bits that are used to represent the delta values , and 
indicate a difference between M and a group minimum 20 wherein the plurality of group headers each include bits that 
number of bits that are used to represent the delta values in indicate a difference between M and a group minimum 
a corresponding one of the plurality of groups . number of bits that are used to represent the delta values in 

18. The apparatus of claim 17 , wherein the bits represen a corresponding one of the plurality of groups . 
tative of the block header include a third number of bits used 23. The apparatus of claim 22 , wherein the bits represen 
to represent all possible combinations of M and B , and 25 tative of the block header include a third number of bits used 
wherein the compressor is configured to encode a combi to represent all possible combinations of M and B , and 
nation of values of M and B to form an encoded value wherein the decompressor is configured to : decode an 

encoded value of a combination of values of M and B that represented by the third number of bits , and wherein the 
block header comprises the encoded value . is represented by the third number of bits , and wherein the 

19. The apparatus of claim 16 , wherein the compressor is 30 block header comprises the encoded value . 
configured to : 24. The apparatus of claim 21 , wherein the decompressor 

determine whether the delta values in each of the groups is configured to : 
are all - positive , all - negative , or mixed positive and determine whether the delta values in each of the groups 
negative values ; are all - positive , all - negative , or mixed positive and 

drop bits indicating signs of the delta values in groups that 35 negative values based on bits included in the corre 
are all - positive or all - negative ; and sponding group headers ; 

include bits in the group headers to indicate whether the in response to determining the delta values within a group 
delta values in the corresponding group are all - positive , are all - positive or all - negative , omit bits indicating 
all - negative , or mixed positive and negative values . signs of the delta values from the group header for that 

20. The apparatus of claim 19 , wherein , in response to 40 in determining that a maximum absolute value of the delta response to determining the delta values within a group 
values for pixels in a group is equal to a power - of - two , the are mixed positive and negative values , include , in the 
compressor is configured to : group header for that group , bits to indicate the delta 

encode the delta values in the group using one bit less than values within the group are mixed positive and negative 
values . the group minimum number of bits so that delta values 45 

having the maximum absolute value or one less than 25. The apparatus of claim 24 , wherein the decompressor 
the maximum absolute value are represented by a is configured to : 
maximum encoded bit value ; and detect a bypass bit in the block header when at least a 

add a trailing bit to the maximum encoded bit value to portion of the delta values associated with the plurality 
indicate whether the maximum encoded bit value indi- 50 of pixels in the block are not equal to zero , wherein the 
cates the maximum absolute value or one less than the bypass bit indicates whether the group headers include 
maximum absolute value . bits indicating whether the delta values in the corre 

21. An apparatus comprising : sponding group are all - positive , all - negative , or mixed 
a compressor configured to generate a compressed bit positive and negative values ; and 

stream representative of delta values of a plurality of 55 decode the group headers based on a value of the bypass 
bit . pixels in a block , wherein the pixels are subdivided into 

a plurality of groups , and wherein different minimum 26. The apparatus of claim 24 , wherein the decompressor 
numbers of bits are used to represent the delta values in is configured to : 

determine that a maximum absolute value of the delta the plurality of groups ; and 
a decompressor configured to : values for pixels in a group is equal to a power - of - two ; 

and receive the compressed bitstream including bits represen 
tative of a block header that indicates a range of decode delta values in the group using one bit less than the 
numbers of bits that are sufficient to represent the delta group minimum . 
values , a plurality of group headers that each indicate 

group ; and 
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